n the controversial field of highdose chemotherapy, multiple myeloma is one disease in which this approach may provide tangible benefits, but data from rigorous studies are limited. In randomized trials carried out by the Medical Research Council of the United Kingdom between 1964 and 1990, the most effective standard regimen of conventional-dose chemotherapy consisted of doxorubicin, carmustine, cyclophosphamide, and melphalan and resulted in a median survival of 32 months. 1, 2 Other conventional-dose regimens resulted in improved response rates, but not enduring remissions. 3 Escalating the doses of melphalan to a level requiring autologous stem-cell rescue [4] [5] [6] [7] [8] resulted in even higher rates of remission, with a complete response in approximately 50 percent of patients. An approach involving conventional-dose chemotherapy followed by high-dose therapy offered the prospect of a better outcome, but the evidence of a survival benefit has been inconclusive in nonrandomized 9-11 and randomized 12, 13 studies. To investigate this strategy further, we initiated a phase 3 trial in which patients received either a standard regimen of doxorubicin, carmustine, cyclophosphamide, and melphalan or a regimen consisting of infusional combination chemotherapy followed by high-dose melphalan with autologous stem-cell transplantation. Both regimens included interferon alfa as maintenance therapy.
patients
The Medical Research Council Myeloma VII Trial (ISRCTN66518389) was conducted from October 1993 to October 2000. All patients were previously untreated, fulfilled the Medical Research Council criteria for myeloma requiring treatment, 1 were less than 65 years of age, and were suitable candidates for high-dose therapy. Written informed consent was obtained from all patients. Randomization was by telephone and used a minimization algorithm based on age (<55 years vs. ≥55 years), serum creatinine level (<1.7 mg per deciliter [150 µmol per liter] vs. ≥1.7 mg per deciliter), hemoglobin level (<9 vs. ≥9 g per deciliter) and, in the latter part of the trial, whether total-body irradiation was intended as part of the conditioning regimen for transplantation. The trial was approved by a multicenter research ethics committee and by local ethics committees.
treatment

Standard Therapy
Standard therapy consisted of a short infusion of 30 mg of doxorubicin per square meter of bodysurface area intravenously and 30 mg of carmustine per square meter intravenously on day 1 followed by 100 mg of cyclophosphamide per square meter per day orally and 6 mg of melphalan per square meter per day orally on days 22, 23, 24, and 25. The cycle was repeated every six weeks until the maximal response was attained. A minimum of 4 cycles was given, and the maximum was 12 cycles. There were per-protocol dose reductions in the case of renal dysfunction, but patients who had treatment delays owing to myelosuppression received 300 mg of cyclophosphamide per square meter intravenously each week plus 40 mg of prednisolone per square meter orally every other day for the first six weeks. The planned maintenance therapy was 3 million U of interferon alfa-2a (Roferon-A) subcutaneously three times per week.
Intensive Therapy
Intensive therapy consisted of a continuous infusion of 9 mg of doxorubicin per square meter per day and 0.4 mg of vincristine per day on days 1 through 4, 1 g of methylprednisolone per square meter per day intravenously or orally (maximum, 1.5 g) on days 1 through 5, and 500 mg of cyclophosphamide per day intravenously on days 1, 8, and 15. The cycle was repeated every 21 days until a maximal response was attained. A minimum of three cycles was given before stem cells were harvested. Patients with a serum creatinine level of more than 3.4 mg per deciliter (300 µmol per liter) did not receive cyclophosphamide; cyclophosphamide was omitted on day 8 or 15 (or both) in the event of undue myelosuppression. Peripheral-blood stem cells were typically mobilized by the administration of 2 to 4 g of cyclophosphamide per square meter intravenously with hydration and granulocyte colony-stimulating factor on days 5 through 12. Highdose melphalan was given at a dose of 200 mg per square meter followed by the reinfusion of peripheral-blood stem cells 24 hours later. A bone marrow autograft and total-body irradiation plus melphalan (140 mg per square meter) were permissible options. Methylprednisolone (1.5 g per day) was given intravenously for four days after the administration of high-dose melphalan. The dose of melphalan was reduced according to the creatinine clearance. The planned maintenance therapy was 3 million U of interferon alfa-2a administered subcutaneously three times per week.
assessment of response
The response to treatment was monitored by means of serum and urine protein studies carried out centrally at the University of Birmingham. In the intensive-therapy group, the studies were conducted every three weeks during the chemotherapy regimen and every three months thereafter. In the standardtherapy group, the studies were conducted every three months. Bone marrow aspirates and trephine specimens were obtained as needed to determine the response to induction therapy, and also at three months and yearly after the completion of highdose therapy and at relapse in the intensive-therapy group, and at the time of the maximal response and at progression in the standard-therapy group. Assuming the survival rate at four years to be 60 percent in the standard-therapy group, the study required 710 patients to have 80 percent power to detect an absolute improvement in survival of 10 percent in the intensive-therapy group. The recruitment target was 750 patients. The steering committee agreed to stop the trial in October 2000 when there was a total of 407 patients, in view of declining enrollment. The primary end points were overall survival and progression-free survival. Overall survival was calculated from the date of randomization to the date of death from any cause. Data on patients who were lost to follow-up or who were alive at the time of analysis were censored in the survival analysis on the last date they were known to be alive. Progression-free survival was calculated from the date of randomization to the date of progression or death. Patients recorded as having died from multiple myeloma and for whom no prior date for progression was available were considered to have had progressive disease on the day of death. Data on patients who had not had progression were censored on the last date they were known to be alive and progression-free. Survival curves were constructed with the use of Kaplan-Meier estimates, and treatment groups were compared with the use of the log-rank test at a significance level of 5 percent. Cox proportional-hazards models were used to adjust survival analyses for minimization factors (age, serum creatinine level, and hemoglobin level) and to investigate the correlation of the beta 2 -microglobulin level with survival (which was specified in the statisticalanalysis plan before any data were analyzed). A cutoff date of October 20, 2001 , was used for survival analysis. The maximal response was compared in the treatment groups with the use of chi-square tests. The proportions of deaths recorded as solely or partly attributable to myeloma and solely or partly attributable to infection are reported, with 95 percent confidence intervals. All analyses were twosided and carried out on an intention-to-treat basis with the use of SAS software (SAS Institute).
We used published data to conduct a meta-analysis of trials comparing conventional therapy with high-dose therapy in patients with myeloma. The resulting Forrest plot yielded an estimate of the odds ratio of the combined treatment effect, with 95 percent confidence intervals, with use of a fixedeffects approach. Analyses were performed with Review Manager software (version 4.1). 15
characteristics of the patients and treatments
A total of 407 patients were enrolled from 83 centers in the United Kingdom and New Zealand over a seven-year period from 1993 to 2000. Six patients could not be included in any data summaries or analyses: five underwent randomization in error, and one patient withdrew consent (Fig. 1) . A total of 200 patients were randomly assigned to receive standard therapy and 201 to receive intensive therapy. The characteristics of the patients are summarized in Table 1 . The myeloma subtypes were as follows: IgG in 56 percent of patients, IgA in 22 percent, IgD in 2 percent, light chain in 13 percent, and nonsecretory in 4 percent; data on subtype were missing in 3 percent of cases. Figure 1 group, 197 patients received a median of five cycles (range, one to nine) of cyclophosphamide, vincristine, doxorubicin, and methylprednisolone. In the standard-therapy group, 146 patients received a median of 6 cycles (range, 1 to 13) of doxorubicin, carmustine, cyclophosphamide, and melphalan; 47 received doxorubicin, carmustine, cyclophosphamide, and melphalan as well as cyclophosphamide weekly for a median of 4 cycles (range, 1 to 12); and 3 received cyclophosphamide weekly alone.
In the intensive-therapy group, 50 of 201 patients (25 percent) did not receive high-dose melphalan, as a result of death, early disease progression (i.e., during induction chemotherapy), poor performance status, or low CD34 counts or by choice, and thus did not receive a stem-cell transplant. Therapy with high-dose melphalan was usually supported by the reinfusion of peripheral-blood stem cells (138 patients [92 percent]); only 8 patients received bone marrow (5 percent), and 3 received both bone marrow and stem cells (2 percent; this information was unavailable for 1 patient). The dose of melphalan was reduced in 17 patients (11 percent), as a result of poor stem-cell harvests, renal failure, or poor performance status. Eight patients received total-body irradiation plus melphalan (140 mg per square meter). Two patients received a second autograft at relapse. Only 30 patients (15 percent) in the standard-therapy group went on to receive an autograft, and 4 (2 percent) an allograft, (Fig. 2) . A Cox model that adjusted for minimization factors showed that survival rates were higher among patients with a creatinine level of less than 1.7 mg per deciliter than among those with a level of 1.7 mg per deciliter or higher and among patients with a hemoglobin level of 9 g per deciliter or higher than among those with a level of less than 9 g per deciliter. A significant interaction between treatment group and the beta 2 -microglobulin level was seen (P=0.003 in the Cox model), indicating that the treatment effect varied depending on the level of beta 2 -microglobulin. Stratified log-rank analysis according to the serum levels of beta 2 -microglobulin -low (less than 4 mg per liter), intermediate (4 to 8 mg per liter), or high (more than 8 mg per liter) -defined in previous Medical Research Council studies 1 showed that within each stratum, the intensive-therapy group had a longer median survival than the standard-therapy group. This difference was greatest among those with base-line beta 2 -microglobulin levels of more than 8 mg per liter. In these patients median survival was 41.9 months (95 percent confidence interval, 31.3 to 65.2) in the intensive-therapy group, as compared with 13.1 months (95 percent confidence interval, 9.2 to 23.9) in the standard-therapy group.
progression-free survival
As of October 20, 2001 , 288 of the 395 patients who could be evaluated for disease progression (73 percent) had evidence of progression; 36 in the standard-therapy group and 71 in the intensive-therapy group remained progression-free. Overall, the median duration of progression-free survival was 25.1 months (95 percent confidence interval, 21.4 to 27.8). After a median follow-up of 31.5 months in the standard-therapy group and 40.0 months in the intensive-therapy group, 160 patients had evidence of progression in the standard-therapy group and 128 in the intensive-therapy group. The median duration of progression-free survival was 31.6 months (95 percent confidence interval, 27.4 to (12) 22 (11) 9 (4) 2 (1) 40 (20) 114 (57) 21 (10) 20 (10) 4 (2) 2 (1) 61 (15) 237 (59) 44 (11) 42 (10) 13 ( (24) 13 (6) 133 (66) 45 (22) 23 (11) 272 (68) 93 (23) 36 (9) Serum creatinine - (Fig. 3) . Cox models showed that the serum creatinine level (P=0.001), hemoglobin level (P=0.07), and beta 2 -microglobulin level (P=0.08) were significant prognostic factors for progression-free survival.
response
The maximal response to randomized treatment is summarized in Table 2 : the intensive-therapy group had a higher overall rate of response and a higher rate of complete remission than the standard-therapy group. Although no formal statistical tests were carried out, there was a trend toward improved survival in the intensive-therapy group as the extent of the response increased from minimal (25. An approach involving high-dose chemotherapy with stem-cell rescue attempts to take advantage of the dose-response curve and often induces relatively high rates of tumor regression across a range of tumors, as compared with those achieved with conventional therapy. This has led to considerable enthusiasm for its use. It has increasingly been adopted as first-line treatment for multiple myeloma, despite the paucity of data from randomized trials providing convincing evidence of a survival benefit to support the routine use of this approach. Such studies are difficult and time-consuming to conduct, because of the technical complexity and, often, the strong beliefs about the effectiveness of one type of therapy or the other among clinicians and patients. A systematic review of reports of trials comparing conventional with high-dose therapy 16 identified a number of randomized studies that clearly cannot be compared with our trial because of the timing of randomization (after response rather than at diagnosis), 17 the timing of transplantation (early vs. late), 18 use of higher-dose conventional therapy (so-called intermediate-dose melphalan), 19, 20 and the number of transplantations (single vs. double). [21] [22] [23] Only two similar randomized studies were identified. 12,13 The Intergroupe Français du Myélome randomly assigned 200 patients to receive either conventional-dose combination chemotherapy or combination chemotherapy followed by melphalan (140 mg per square meter) with total-body irradiation. 12 Seventy-four patients in the intensivetherapy group underwent transplantation. The investigators reported a significant survival benefit with intensive therapy. In a recent update, the overall median duration of survival was 44 months in the discussion standard-therapy group and 56 months in the intensive-therapy group (Attal M: personal communication). A second study, by the Groupe Myélome Autogreffe, compared conventional-dose combination chemotherapy with infusional chemotherapy (with vincristine, doxorubicin, and dexamethasone) followed by melphalan at a dose of 200 mg per square meter or melphalan at a dose of 140 mg per square meter plus busulfan at a dose of 16 mg per square meter. 13 Of the 190 patients between the ages of 55 and 65 years who underwent randomization, 94 were assigned to the intensive-therapy group (25 percent of whom did not ultimately undergo transplantation). No significant survival benefit was seen with intensive treatment; the median overall duration of survival was 50.4 months in the conventional-chemotherapy group and 55.3 months in the intensive-therapy group. At the time of disease progression, patients in the conventional-chemotherapy group could cross over to receive high-dose therapy at their physicians' discretion. We calculated the odds ratios and 99 percent confidence intervals for our study as well as for the Intergroupe Français du Myélome trial 12 and the Groupe Myélome Autogreffe trial 13 (Fig. 4) . The two earlier studies together did not show a survival benefit. However, when our results were taken into account and the results of all three studies were combined, the estimated treatment effect was consistent with a significant survival benefit with intensive therapy, as compared with standard therapy (odds ratio, 0.70; 95 percent confidence interval, 0.53 to 0.93; P=0.01).
The most important finding in our trial was the increase in median survival of approximately one year among patients in the intensive-therapy group, as compared with those in the standard-therapy group. Per-protocol analyses showed that this difference may be a conservative estimate of benefit, because 17 percent of the patients in the standardtherapy group crossed over to high-dose therapy, usually after disease progression. Although myeloma and infection were commonly recorded as causes of death, any differences in the frequency of these causes between the two groups in a multicenter study of this nature should be treated with caution, since death was often multifactorial. There were only six deaths within 100 days after transplantation.
In the Medical Research Council trials, three subgroups corresponding to a good, an intermediate, and a poor prognosis have been delineated, on the basis of serum beta 2 -microglobulin levels (less than 4 mg per liter, 4 to 8 mg per liter, and more than 8 mg per liter, respectively). 1, 24 In our study the proportions of patients in these groups were 38 percent, 28 percent, and 24 percent, respectively. A trend for patients in the group with a poor progno-* Response was defined according to the criteria of the European Group for Blood and Marrow TransplantationInternational Bone Marrow Transplant Registry. Because of rounding, not all percentages total 100. † P values were calculated with use of the chi-square test. ‡ Early death was defined as death within 60 days after randomization. sis to benefit most from intensive therapy was identified. Cytogenetic data were not generally available, but more recently, prognostic groups have been redefined by combining the serum beta 2 -microglobulin level with 13q-status. [25] [26] [27] We and others have previously shown a trend toward improved progression-free survival and overall survival among patients with undetectable myeloma protein in serum or urine (a complete response), as compared with those with a partial response. [27] [28] [29] In this study, we also identified a trend in the intensive-therapy group toward improved overall survival among patients who had a complete response. Further intensification of treatment through the use of multiple high-dose procedures to increase the rates of complete response remains under study. [21] [22] [23] 27 Emerging biologic therapies may also offer a means of maintaining and enhancing such responses. . 13 The size of each square, representing the estimated treatment effect, is proportional to the size of the study (i.e., larger squares provide more information and hence have narrower 99% confidence intervals). The odds ratio for all the studies combined suggests a beneficial effect of high-dose therapy (chi-square test for heterogeneity, 1.95 with 2 df; P=0.38; and test for overall effect, z=¡2.45; P=0.01). 
